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DOCUMENT- IDENTIFIER: US 5945679 A 

TITLE: Apparatus for scanning a chemical array 



INVENTOR (1) : 
Dorsel; Andreas 

Abstract Text (1) : 

A technique for analyzing analytes in a chemical array having a plurality of pixels is 
provided. The apparatus of the technique contains a light source for irradiating a 
light beam at the pixels individually, a controller for controlling the relative 
position of the light source to the array, and a detector for detecting fluorescence 
resulting from irradiation. The controller controls the light beam generated by the 
light source to irradiate a first number of pixels sequentially in the array and 
repeating one or more times the sequential irradiation before irradiating a second 
number of pixels, the pixels of which are different from those of the first number of 
pixels. The first number of pixels includes more than one pixel but less than the 
total number of pixels in the array . 

Brief Summary Text (2) : 

The present invention relates to detecting chemicals in a chemical array and, more 
particularly, to improving the signal to noise ratio by repeating scanning of the 
pixels of the array . 

Brief Summary Text (4) : 

Recently, chemical arrays , more particularly, biomolecular arrays , have been 
successfully created. For example, Fodor, et al . , "Light-directed, Spatially 
Addressable Parallel Chemical Synthesis," Science, Vol. 251, 767-773 (1991) disclose 
high densit y arrays formed by light-directed synthesis. The array was used for 
antibody recognition. Biomolecular arrays are also described by E. Southern (PCT 
Publication WO 89/10977) for analyzing polynucleotide sequences. Such biomolecular 
arrays lend themselves to a large number of applications, from DNA and protein 
sequencing to DNA fingerprinting and disease diagnosis . 

Brief Summary Text (5) : 

A typical approach for synthesizing a polymer array on an optical substrate is 
described by Fodor et al . (1991) supra; PCT publications WO 91/07087, WO 92/10587, and 
WO 92/10588; and US Pat. No. 5,143,854. In such arrays , different receptors are 
synthesized onto a substrate using photolithographic techniques. Ligands are washed 
over the array . Either the ligand is f luorescently labeled or an additional 
f luorescently labeled receptor is also washed over the array . The result is that 
fluorophores are immobilized on those pixels where binding has occurred between the 
ligand and the receptor(s). In general, a chemical array is illuminated with radiation 
that excites the fluorophores. The pattern of bright and dark pixels is recorded. 
Information about the ligand is obtained by comparing this bright-dark pattern with 
known patterns of surface bound receptors . 

Brief Summary Text (6) : 

In many application, e.g., in analyzing the human genome, it is often necessary to 
scan a large number of array elements. Therefore, the ability to read a chemical array 
with a large number of elements within a short time is highly desirable. Lasers have 
been used to impinge on chemical array elements with a small spot size beam of high 
intensity. 

Brief Summary Text (8) : 

The present invention provides an apparatus and technique for analyzing chemicals in a 
chemical array that is scanned, i.e., read by irradiating and detecting any resulting 
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light interaction such as fluorescence, in lines of pixels. Some of the pixels are 
suspected to contain target chemicals that contain a fluorescent material. The 
apparatus includes a light source, a controller, and a detector. The light source is 
used for irradiating a light beam at the pixels individually. The light source may 
contain a light generator, such as a laser, and a mechanism for directing a light beam 
from the light generator, such as a scanner. The controller controls the relative 
position of the light source to that of the pixels such that the light source directs 
the light beam to irradiate pixels in a set sequentially in the array . The sequential 
irradiation is repeated on the set of pixels one or more times before a second set of * 
pixels, which contains pixels different from those in the first set of pixels, are 
irradiated. The first set of pixels has more than one pixel but less than the total 
number of pixels in the array . The detector is used for detecting fluorescence 
resulting from the irradiation on the array . 

Brief Summary Text (9) : 

The apparatus and technique of the present invention can be advantageously used to 
analyze chemical arrays , particularly large chemical arrays that contain thousands or 
millions of small pixels, when scanned. By allowing adequate time for the dye 
molecules in the pixels to recover from metastable states, which can not fluoresce, 
more signals can be obtained to improve the signal-to-noise ratio without increasing 
the excitation beam intensity. However, by reducing the time before repeating the 
irradiation of the a pixel and the distance traversed by the beam between 
re-irradiations (i.e., repeating irradiation) of a pixel, more accurate superposition 
is achieved, leading to more reliable data. 

Drawing Description Text (5) : 

FIG. 3 is a flow diagram showing the process of reading a chemical array according to 
the present invention. 

Detailed Description Text (2) : 

The present invention provides an improved technique for analyzing chemical array by 
repeating illumination and detecting the resulting fluorescence of a set of pixels in 
the array before moving to another set of pixels. In each set of pixels, all the 
pixels are illuminated sequentially before repeating. This improves the signal to 
noise ratio by allowing adequate time for the dye to recover from metastable states 
before it is illuminated again. 

Detailed Description Text (3) : 

As used herein, an " array " is an arrangement of objects in space in which each object 
occupies a separate predetermined spatial position. Each of the objects or array 
elements (which may contain many pixels when scanned with light pulses) in the array 
in an apparatus of this invention contains one or more species of binder chemical 
moieties for binding specific analytes, such that the physical location of each 
species of analytes is known or ascertainable. "Pixel" are spots of an array, which 
spots are illuminated and the resultant light from the spots is detected as discrete 
elements to form an image pattern when the array is being analyzed. An "analyte" is a 
molecule whose detection in a sample is desired and which selectively or specifically 
binds to a binder chemical moiety, such as a molecular probe. An analyte can be the 
same or a different type of molecule as the molecular probe to which it binds. 

Detailed Description Text (4) : 

FIG. 1 shows a schematic representation of an apparatus for analyzing chemical arrays 
according to the present invention. The apparatus 100 contains a light source (e.g., 
laser) 102 for emitting a light of a wavelength and with sufficient intensity to cause 
fluorescence in a selected fluorescent material. Often, the excitation light intensity 
is sufficiently high such that the dye used in the chemical array 104 approaches 
metastable state saturation, i.e., some of the dye molecules cross into metastable 
states. A controller 108 directs the light from the light source 102 to impinge on the 
elements of the array one pixel at a time. This can be accomplished, for example, by 
using a controller to change the relative position of the light source 102 to the 
chemical array 104, e.g., by moving the light generator (e.g., a laser) in the light 
source, moving the chemical array, or steering a light beam, e.g., by using a scanner, 
such that different pixels can be illuminated at different time. Typically, the light 
beam is directed by translation of the array on an object table 217 (not shown in FIG. 
1 but shown in FIG. 2) or scanning the light beam with a beam scanner. The dye, when 



2 of 9 



9/19/02 11:31 AM 



Record Display.Form 



http://westbrs:8002ftiiVgatexxe?f^ 



excited by the excitation light from the light source 102, emits fluorescence, which 
is detected by a detector 110. The fluorescence intensity can also be measured. 

Detailed Description Text (5) : 

FIG. 2 shows in further detail an embodiment of the apparatus of FIG. 1. The apparatus 
200 has a laser 204, which emits an excitation laser beam. A scanner 208 directs the 
laser beam through an optics system 212 to a chemical array 216 to cause fluorescence . 
The optics system 212 can contain, for example, collimating optics such as lenses and 
prisms to focus the laser light on the pixels in the chemical array . 

Detailed Description Text (6) : 

Fluorescent light resulting from the array being irradiated by the laser light is 
collected by an optics system 220, which can contain, for example, lenses and prisms 
to direct the fluorescent light to a detector 224. The optics systems 220 can also 
contain filters and apertures to filter out unwanted light such as excitation light. A 
controller 228 is electrically connected to the detector 224 for collecting electrical 
signals generated in the detector as a result of fluorescent light impinging on the 
detector. The controller 228 is connected to the scanner 208 such that each 
fluorescent light signal received by the detector 224 can be traced to the pixel from 
which the fluorescent light signal is generated. The controller 228 is further 
connected to the laser 2 04 and may be used to control the laser to emit light pulses 
of a specific duration. The scanner 208 is used to move the laser beam from a pixel to 
another between pulses. However, if desired, the laser can emit a continuous beam as 
the scanner directs the laser beam from pixel to pixel. Alternatively, instead of 
scanning, i.e., moving, the excitation beam, the chemical array 216 can be controlled 
to translate to position different pixels under the focused excitation beam at 
different times. Another alternative is to control to physically move the laser 204 to 
direct the laser beam at different pixels. 

Detailed Description Text (7) : 

The data of signals received by the controller 22 8 can be processed to determine the 
presence or quantity of analytes in the pixels. To achieve this, the controller 228 
can contain a microprocessor or a computer to process the information on pixel 
locations and fluorescence . The signals from the detector 224 or the information from 
the controller 228 can further be transmitted to another processor 232 for further 
data processing and to a storage device 236, such as disk, tapes, compact disk, and 
the like. The information from the controller 228 or processor 232 can also be 
displayed in a display device 240 such as a cathode ray tube, plotter, printer, and 
the like. If desired, different computers and microprocessors can be used to control 
the light beam/pixel relative position and for linking the data of pixel position and 
fluorescence pattern. 

Detailed Description Text (8) : 
METHOD OF READING ARRAY 



Detailed Description Text (9) : 

FIG. 3 shows the technique for analyzing, i.e., reading, or scanning (i.e., read) 
pixels in a chemical array according to the present invention. Typically the array 
includes array elements, which when read by irradiation and detection of fluorescence , 
result in pixels that are arranged in rows and columns, each of which may be 
considered a line. For illustration, we call a row a line. A set of pixels are 
selected from the array (step 304) . The first pixel in the set is irradiated with a 
laser beam for a specific duration, e.g. a few microseconds and the resultant 
fluorescence is detected or measured (step 306) . The other pixels in the set are 
similarly treated, i.e., irradiated and the resultant fluorescence (step 310) detected 
sequentially one pixel at a time. After the last pixel in the set has been read once 
by irradiation and detection the pixels are read again one or more times (steps 314 
and 318) in a manner similar to the first reading. Other sets of pixels in the array 
are selected and read as done with the first set until all the pixels have been read 
(step 322) . Generally, this means all the array elements have been read. 

Detailed Description Text (12) : 

In a laser induced fluorescence scanner with small spot size (e.g., about 3 .mu.m FWHM 
Gaussian beam), the laser light excites the fluorophore (i.e., dye) molecules and 
cause fluorescence . The fluorescence is detected to indicate the presence of the 
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fluorophore molecules, and therefore the presence of analytes that are attached to 
fluorophore molecules. FIG. 4 is a schematic representation showing the energy level 
transition when a dye is excited. When a dye molecule absorbs laser light (arrow E) , 
it is excited from the ground state energy level G, to the energy level H. From energy 
level H the dye molecule falls back to the ground state (arrow F) , releasing light as 
fluorescence . 

Detailed Description Text (13) : 

To produce better signals, fairly high intensity laser is used, since to a degree 
higher intensity excitation light (i.e., light from the laser) produces more 
fluorescence photons. Because of the intensity of the laser light impinging on the 
dye, the dye molecules may, depending on the nature of the particular dye, cross 
(e.g., from the exited energy level H) into metastable state (s) (or 

long-lif e-quasi-stable-state (s) ) , such as the triplet state. As used herein, the term 
"metastable state, " or "long-life-quasi-stable-state" of a dye molecule refers to an 
energy state in which the dye molecule has higher than the ground state energy level 
but loses its energy, converting to the dye ground state, an order of magnitude or 
more slower than the singlet state fluorescence . Depending on the particular dye, many 
different metastable states are possible. An important example of a metastable state 
is the triplet state. Other metastable states include the biradical state, and the 
ion-pair state. Although many metastable states may be possible, for the sake of 
clarity, in FIG. 4, the metastable states are shown as M, to which transition from 
energy level H is represented by arrow L. At their metastable states, the dye 
molecules convert back to the ground state much more slowly than in the singlet state 
fluorescence, which is shown by arrow F. From the metastable states, the fluorescent 
material (i.e., dye molecules) does not release light of a wavelength same as that of 
the fluorescence of arrow F. Therefore, any dye molecule that crosses to the 
metastable state is lost to fluorescence . Since a dye molecule at a metastable state 
cannot fluoresce, this phenomenon appears as saturation of the fluorescence signal. In 
this situation, increasing laser power, i.e., the intensity of illumination on an 
array element, will not increase the number of detected fluorescence photons 
proportionally . 

Detailed Description Text (14) : 

For systems limited by photon shot noise in their performance, when saturation is 
occurring, the signal-to-noise ratio can only be increased marginally, if at all, by 
scanning more slowly or with higher illumination power. In the present invention, we 
scan a set (or a number) of pixels in the chemical array two ore more times to 
increase the signal-to-noise ratio. Furthermore, we wait for a period of time for the 
molecules in the dye in a pixel to recover sufficiently, preferably substantially, 
from their metastable states before re -irradiating the pixel. To this end, a set, 
i.e., a number, of pixels are irradiated sequentially, each for short duration (e.g., 
a few microseconds) such that by the time the last pixel in the set is irradiated, the 
first pixel has recovered from the metastable state. 

Detailed Description Text (15) : 

The time period (herein referred to as the "rest period") to be selected for the dye 
in a pixel to recover from the metastable states before re-irradiating depends on the 
nature of the dye. Many commonly used dyes have recovery time constants of metastable 
states in the range of about 10. sup. -5 S to 10. sup. -1 S. For this reason, a rest 
period of about 10. sup. -5 S to 10. sup. -1 S would be adequate for the dye in a pixel to 
substantially recover from its metastable states. In contrast, the fluorescence time 
constant is in the range of nanoseconds. Generally, the rest period of a few of the 
commonly used dyes are known in the art. The rest period of a dye can also be 
determined by a method as described below. The number of pixels to be included in a 
set depends on the illumination time for a pixel and the recovery time (or rest 
period) of the dye. Generally, 100 or more of pixels, preferably more than about 1000 
pixels, are included in a set of pixels to be read sequentially before re-irradiation. 



Detailed Description Text (16) : 

To determine the rest period of a dye, the following technique can be used. The dye of 
interest is subjected to light from an irradiation source, which is turned on rapidly 
relative to the dye rest period while the temporal evolution (i.e., the time 
dependence of the fluorescent intensity) of the fluorescent intensity is monitored. 
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The fluorescent intensity is the highest initially but it decreases to a lower level 
over time. The time to reach the lower intensity level is closely related to the dye 
rest period. Decrease in the fluorescent intensity reflects the level of saturation. 
Data obtained can be fitted to a mathematical model to obtain time constants of the 
change in intensity. Methods of modeling to obtain time constants are known in the 
art. Generally, the dye is considered to have sufficiently recovered from the 
metastable states after about one time constant. It is considered to have 
substantially recovered from the metastable states after about 2 time constants. 

Detailed Description Text (18) : 

A variety of suitable light-emitting devices can be used as the light generator in the 
light source. Such light-emitting devices are known in the art. They include, for 
example, light emitting diode (LED) and lasers, such as diode lasers, gas lasers, 
e.g., HE-NE laser, Ar ion laser, frequency doubled Neodynium-glass laser, nedium YAG 
laser, fiber laser, or other solid-state lasers. The pixels in the array can be 
arranged in a flat pattern. An alternative is arranging the pixels in a circular 
pattern as on a cylindrical surface. Generally, the pixels are held in a pattern of 
rows and columns. Since we know the origin of each pixel, we know the binder chemical 
moieties in the pixel. If fluorescence is detected for the pixel, we will know the 
identity of the analyte bound to that pixel. 

Detailed Description Text (19) : 
ARRAY LIGHT DETECTION 

Detailed Description Text (20) : 

A detector is used for detecting the light resulting from fluorescence in the array . 
For example, a single element optical detector, e.g., a PNT photomultiplier tube, may 
be used. Since the time of a light beam being directed at any particular pixel is 
known and the illumination of different pixels are temporally spaced apart, the 
corresponding fluorescence detected will indicate the presence of fluorescent material 
in the pixel. An alternative detector is an array detector in which more than one 
detector element is used to over-sample the target chemicals, permitting the 
discrimination against non-uniformities. One example of an array detector is a 
solid-state semi-conductor device, such as a charge -coupled device (CCD) array . 

Detailed Description Text (21) : 

The excitation light from a light source impinges on the fluorescent material bound to 
the analyte in the array and causes it to emit light as fluorescent light. Only pixels 
with a fluorescent material will emit fluorescence signal. The detected fluorescent 
signals are identified with electronic excitation for light sources and processed, 
preferably by an electronic processing unit, such as a microprocessor or a computer. 

Detailed Description Text (22) : 

As previously stated, by analyzing the pattern of the fluorescence light in the array, 
the identity of the analytes in the sample can be determined. Detecting fluorescence 
with a suitable detector will result in the pattern of fluorescence, in which certain 
locations in the pattern show fluorescence and certain locations do not. The identity 
of an analyte on a particular pixel in the array can be determined by detecting the 
location of the fluorescence in the pattern and linking this location with data 
concerning the identity of binder chemical moieties and pixel positions in the array . 
There are various methods for linking such data with the chemical array . For example, 
the data can be physically encoded on the array ' s housing or stored separately in a 
computer . 

Detailed Description Text (23) : 

The present technique of irradiation and detection has a great advantage over 
techniques that require re-irradiation after reading each pixel or re-irradiate only 
after the whole array has been read. If the re-irradiation of a pixel is done 
immediately after the pixel has been irradiated, the dye molecules in the pixel may 
not have enough time to recover sufficiently from the metastable states and 
fluorescence is less than optimal due to the presence of metastable states, which do 
not fluoresce. However, if re-irradiation is done only after the whole array or a 
large section, such as half, of the array has been irradiated, the actuating or beam 
steering mechanism would have to move a substantial distance and wait a long time 
before going back to the first array . This is particularly true for large arrays 
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(e.g., those having more than a thousand, or even having thousands of pixels in a row 
or column) with small and closely adjacent pixel dimensions of today. For example, the 
dimension of a pixel can be as small as 3 .mu.m across. In traversing a substantial 
distance and waiting a long time, the original pixels positions may not be 
reestablished (i.e., superpositioned) easily. For example, the temperature may have 
changed, thereby causing the array to change in size. For example, thermal expansion 
can occur if the array has been stored in below room temperature before reading in 
room temperature. In the present invention, adequate time is taken for the dye in a 
pixel to recover from the metastable states, but not so much time that it increases 
substantially the difficulty in superpositioning the laser beam at the original 
locations. The result of rescans (i.e., re-readings) can be added or averaged on line 
to reduce the amount of data to be stored. 

Detailed Description Text (24) : 

As previously stated, the control of the actuating or beam-steering mechanism, e.g., 
the scanner for moving the laser beam, the actuating system for moving the array, or 
the actuator that moves the laser, can be done by a computer. Generally, a computer 
program, or software can be implemented to accomplish such control, as well as the 
detection and measurement of the fluorescence . The control of actuators, scanners, 
etc., are well known in art. 

Detailed Description Text (25) : 

In the analysis of data, the fluorescence intensity of each reading of a pixel is 
stored in the memory of a computer (which can also be a microprocessor) . After each 
re-irradiation and re-detection, the memory is updated by summing the old and new 
fluorescence data for each pixel. In the absence of bleaching of the dye, the signals 
increase proportionally to the number n of the repeated readings and the 
signal-to-noise ratio scales as the square root of n. 

Detailed Description Text (26) : 

For illustration purposes, the following example is given. However, one skilled in the 
art will be able to adapt the disclosed example for other applications. A UNIPHASE 
(San Jose, Calif.), model 2211-20SLE laser operating at an output power of 10 mW, 
wavelength of 488 nm, and a focal spot of 3 .mu.m full -width-half -maximum (FWHM) was 
used to scan a chemical array having 5000 pixels in a row. The irradiation duration 
was at least 5 .mu.s for each pixel, for example, 6 .mu.s. A fluorescein, which has a 
fluorescence lifetime in the order of nanoseconds, was the dye for labeling the 
analytes. The time needed for recovery from the metastable states of the fluorescein 
was in the order of milliseconds. By scanning one line, i.e., 5000 pixels, before 
re-irradiation, the line time, i.e., time needed to finish a line before repeating, is 
at least about 3 0 ms, which is ample for the fluorescein to recover from its 
metastable states. 

Other Reference Publication (1) : 

Sharonov et al . , "Confocal Spectral Imaging Analysis in Studies of the Spatial 
Distribution of Antitumour Drugs with Living Cancer Cells", Anal. Chim. Acta 290, pp. 
40-47, May 20, 1994. 

CLAIMS : 

1. An apparatus for analyzing chemicals in an array having a plurality of array 
elements some of which are suspected to contain fluorescent material, comprising: 

(a) a light source for irradiating a light beam at the elements in individual pixels, 
the pixels being arranged in lines; 

(b) computer means for controlling the relative position of the light source to the 
array such that the light source directs the light beam to irradiate a first number of 
pixels sequentially in the array and repeating one or more times the sequential 
irradiation before irradiating a second number of pixels, the pixels of which are 
different from the first number of pixels, the first number of pixels having more than 
one pixel and less than the total number of pixels in the array such that a period 
elapses adequate for the fluorescent material in a pixel to recover from a metastable 
state before the pixel is irradiated again; and 
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(c) detector for detecting fluorescence resulting from the irradiation. 

5. The apparatus according to claim 1 further comprising a means to sum fluorescence 
signals detected from a pixel by the detector during repeated irradiation of the 
pixel . 

6. The apparatus according to claim 1 wherein the light source is adapted to emit a 
light suitable for causing fluorescence in a fluorescent material selected from the 
groups consisting of fluoresceins, TEXAS RED, ethidium bromide, chelated lanthanides, 
rhodamines, indocyanines , carbocyanines , oxazines, organometallics , and metal atom 
cluster compounds. 

7. The apparatus according to claim 1 further comprising an object table on which the 
array can be placed for the translation of array wherein the means for controlling is 
adapted to control the object table to move the array to position the pixels to be 
irradiated from pixel to pixel. 

8. The apparatus according to claim 1 further comprising an object table on which an 
array having lines of pixels which have 100 or more pixels per line can be placed, 
wherein the means for controlling is adapted to control the relative movement of the 
array to the light source to irradiate from pixel to pixel. 

9. The apparatus according to claim 1 further comprising an object table for holding 
an array having a plurality of lines of pixels, each line have 100 or more pixels, 
wherein the means for controlling is adapted to control movement of the array to 
irradiate from pixel to pixel. 

10. An apparatus for analyzing chemicals in an array having a plurality of array 
elements some of which are suspected to contain fluorescent material, the apparatus 
comprising: 

(A) light source for irradiating a light beam at the elements in individual pixels, 
the pixels being arranged in lines; 

(B) detector for detecting fluorescence resulting from the irradiation; 

(C) processor for controlling the relative position of the light source; 

(D) program storage medium that tangibly embodying a program code means readable by 
the processor for causing the processor to analyze the chemical array, the program 
code means including: 

(i) code means for controlling the relative position of the light source to the array 
to irradiate a first number of pixels sequentially in the array elements and to detect 
the fluorescence resulting from the irradiation in the pixels, the first number of 
pixels being more than one pixel and less than the total number of pixels in the array 
and such that a period elapses adequate for the fluorescent material in a pixel to 
recover from a metastable state before the pixel is irradiated again; and 

(ii) code means for controlling the relative position of the light source to the array 
to repeat the irradiation and detecting on the first number of pixels one or more 
times before irradiating pixels of a second number of pixels that are different from 
the pixels of the first number of pixels in the array . 

14. The apparatus according to claim 10 wherein the first number of pixels is the 
number of pixels in a first line and the second number of pixels is the number of 
pixels in a line adjacent to the first line in the array, each line having more than 
100 pixels. 

17. The apparatus according to claim 10 wherein the light source is adapted to emit a 
light suitable for causing fluorescence in a fluorescent material selected from the 
groups consisting of fluoresceins, TEXAS RED, ethidium bromide, chelated lanthanides, 
rhodamines, indocyanines, carbocyanines, oxazines, organometallics, and metal atom 
cluster compounds and wherein the code means further comprising code means for 
selecting the first number of pixels based on information on the adequate period for 



7 of 9 



9/19/02 11:31 AM 



Record Display Form 



hrrj)://westbrs: 8002M^ 



the selected fluorescent material in a pixel to recover from a metastable state. 

18. An apparatus for analyzing chemicals in an array having a plurality of array 
elements some of which are suspected to contain fluorescent material, the apparatus 
comprising : 

(A) light source for irradiating a light beam at the elements in individual pixels, 
the pixels being arranged in lines; 

(B) detector for detecting fluorescence resulting from the irradiation; 

(C) processor for controlling the relative position of the light source; 

(D) program storage medium tangibly embodying a program code means readable by the 
processor for causing the processor to analyze the chemical array, the program code 
means including: 

(i) code means for controlling the relative position of the light source to the array 
to irradiate a line of pixels sequentially in the array elements and to detect the 
fluorescence resulting from the irradiation in the pixels, the line of pixels having 
more than 100 pixels and less than the total number of pixels in the array, the number 
of pixels in a line being sufficiently large such that a period would elapse adequate 
for the fluorescent material in the pixel first irradiated to recover from a 
metastable state before the whole line has been irradiated; 

(ii) code means for controlling the relative position of the light source to the array 
to repeat the irradiation and detect on the first line of pixels one or more times 
before irradiating pixels of a second line of pixels, such that 10. sup. -5 second to 
10. sup. -1 second has elapsed before a pixel is re-irradiated, and to irradiate and 
detect in like manner all of the array elements until all the array elements have been 
irradiated without re- irradiating any line of pixels after another line has been 
irradiated subsequent to the irradiation of that any line. 

19. An article of manufacture comprising a program storage medium, tangibly embodying 
a program code means readable by a computer for causing the computer to control the 
analysis of a chemical array by irradiation resulting in fluorescence, the program 
code means including: 

(i) code means for controlling the relative position of a light source to the array to 
irradiate a first number of pixels sequentially in array elements of the array and to 
detect the fluorescence resulting from the irradiation in the pixels, the first number 
of pixels being more than one pixel and less than the total number of pixels in the 
array and such that a period elapses adequate for the fluorescent material in a pixel 
to recover from a metastable state before the pixel is irradiated again; and 

(ii) code means for controlling the relative position of the light source to the array 
to repeat the irradiation and detecting on the first number of pixels one or more 
times before irradiating pixels of a second number of pixels that are different from 
the pixels of the first number of pixels in the array . 

20. An apparatus for analyzing chemicals in an array having a plurality of array 
elements some of which are suspected to contain fluorescent material, comprising: 

(A) a light source for irradiating a light beam at the elements in individual pixels, 
the pixels being arranged in lines; 

(B) means for controlling the relative position of the light source to the array such 
that the light source directs the light beam to irradiate a first number of pixels 
sequentially in the array and repeating one or more times the sequential irradiation 
before irradiating a second number of pixels, the pixels of which are different from 
the first number of pixels, the first number of pixels having more than one pixel and 
less than the total number of pixels in the array such that a period elapses adequate 
for the fluorescent material in a pixel to recover from a metastable state before the 
pixel is irradiated again; and 
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(C) detector for detecting fluorescence resulting from the irradiation; wherein at 
least a portion of the light source is movable and the means for controlling is 
adapted to move the at least a portion of the light source to direct the light beam 
from pixel to pixel to irradiate the pixels. 

21. An apparatus for analyzing chemicals in an array having a plurality of array 
elements some of which are suspected to contain fluorescent material, the apparatus 
comprising : 

(A) light source for irradiating a light beam at the elements in individual pixels, 
the pixels being arranged in lines; 

(B) detector for detecting fluorescence resulting from the irradiation; 

(C) processor for controlling the relative position of the light source; 

(D) program storage medium that tangibly embodying a program code means readable by 
the processor for causing the processor to analyze the chemical array, the program 
code means including: 

(i) code means for controlling the relative position of the light source to the array 
to irradiate a first number of pixels sequentially in the array elements and to detect 
the fluorescence resulting from the irradiation in the pixels, the first number of 
pixels being more than one pixel and less than the total number of pixels in the array 
and such that a period elapses adequate for the fluorescent material in a pixel to 
recover from a metastable state before the pixel is irradiated again; 

(ii) code means for controlling the relative position of the light source to the array 
to repeat the irradiation and detecting on the first number of pixels one or more 
times before irradiating pixels of a second number of pixels that are different from 
the pixels of the first number of pixels in the array ; and 

(iii) code means for selecting the first number of pixels based on information on the 
adequate period for the fluorescent material in a pixel to recover from a metastable 
state . 
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DOCUMENT- IDENTIFIER: US 5837475 A 

TITLE: Apparatus and method for scanning a chemical array 

INVENTOR (1) : 
Dorsel ; Andreas 

Abstract Text (1) : 

A technique for analyzing analytes in a chemical array having a plurality of pixels is 
provided. The apparatus of the technique contains a light source for irradiating a 
light beam at the pixels individually, a controller for controlling the relative 
position of the light source to the array, and a detector for detecting fluorescence 
resulting from irradiation. The controller controls the light beam generated by the 
light source to irradiate a first number of pixels sequentially in the array and 
repeating one or more times the sequential irradiation before irradiating a second 
number of pixels, the pixels of which are different from those of the first number of 
pixels. The first number of pixels includes more than one pixel but less than the 
total number of pixels in the array . 

Brief Summary Text (2) : 

The present invention relates to detecting chemicals in a chemical array and, more 
particularly, to improving the signal to noise ratio by repeating scanning of the 
pixels of the array . 

Brief Summary Text (4) : 

Recently, chemical arrays , more particularly, biomolecular arrays , have been 
successfully created. For example, Fodor, et al . , "Light-directed, Spatially 
Addressable Parallel Chemical Synthesis," Science, Vol. 251, 767-773 (1991) disclose 
high density arrays formed by light-directed synthesis. The array was used for 
antibody recognition. Biomolecular arrays are also described by E. Southern (PCT 
Publication WO 89/10977) for analyzing polynucleotide sequences. Such biomolecular 
arrays lend themselves to a large number of applications, from DNA and protein 
sequencing to DNA fingerprinting and disease diagnosis. 

Brief Summary Text (5) : 

A typical approach for synthesizing a polymer array on an optical substrate is 
described by Fodor et al. (1991) supra; PCT publications WO 91/07087, WO 92/10587, and 
WO 92/10588; and U.S. Pat. No. 5,143,854. In such arrays, different receptors are 
synthesized onto a substrate using photolithographic techniques. Ligands are washed 
over the array . Either the ligand is f luorescently labeled or an additional 
f luorescently labeled receptor is also washed over the array . The result is that 
fluorophores are immobilized on those pixels where binding has occurred between the 
ligand and the receptor(s). In general, a chemical array is illuminated with radiation 
that excites the fluorophores. The pattern of bright and dark pixels is recorded. 
Information about the ligand is obtained by comparing this bright-dark pattern with 
known patterns of surface bound receptors . 

Brief Summary Text (6) : 

In many application, e.g., in analyzing the human genome, it is often necessary to 
scan a large number of array elements. Therefore, the ability to read a chemical array 
with a large number of elements within a short time is highly desirable. Lasers have 
been used to impinge on chemical array elements with a small spot size beam of high 
intensity. 

Brief Summary Text (8) : 
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The present invention provides an apparatus and technique for analyzing chemicals in a 
chemical array that is scanned, i.e., read by irradiating and detecting any resulting 
light interaction such as fluorescence, in lines of pixels. Some of the pixels are 
suspected to contain target chemicals that contain a fluorescent material. The 
apparatus includes a light source, a controller, and a detector. The light source is 
used for irradiating a light beam at the pixels individually. The light source may 
contain a light generator, such as a laser, and a mechanism for directing a light beam 
from the light generator, such as a scanner. The controller controls the relative 
position of the light source to that of the pixels such that the light source directs 
the light beam to irradiate pixels in a set sequentially in the array . The sequential 
irradiation is repeated on the set of pixels one or more times before a second set of 
pixels, which contains pixels different from those in the first set of pixels, are 
irradiated. The first set of pixels has more than one pixel but less than the total 
number of pixels in the array . The detector is used for detecting fluorescence 
resulting from the irradiation on the array . 

Brief Summary Text (9) : 

The apparatus and technique of the present invention can be advantageously used to 
analyze chemical arrays , particularly large chemical arrays that contain thousands or 
millions of small pixels, when scanned. By allowing adequate time for the dye 
molecules in the pixels to recover from metastable states, which can not fluoresce, 
more signals can be obtained to improve the signal-to-noise ratio without increasing 
the excitation beam intensity. However, by reducing the time before repeating the 
irradiation of the a pixel and the distance traversed by the beam between 
re-irradiations (i.e., repeating irradiation) of a pixel, more accurate superposition 
is achieved, leading to more reliable data. 

Drawing Description Text (5) :• 

FIG. 3 is a flow diagram showing the process of reading a chemical array according to 
the present invention. 

Detailed Description Text (2) : 

The present invention provides an improved technique for analyzing chemical array by 
repeating illumination and detecting the resulting fluorescence of a set of pixels in 
the array before moving to another set of pixels. In each set of pixels, all the 
pixels are illuminated sequentially before repeating. This improves the signal to 
noise ratio by allowing adequate time for the dye to recover from metastable states 
before it is illuminated again. 

Detailed Description Text (3) : 

As used herein, an " array " is an arrangement of objects in space in which each object 
occupies a separate predetermined spatial position. Each of the objects or array 
elements (which may contain many pixels when scanned with light pulses) in the array 
in an apparatus of this invention contains one or more species of binder chemical 
moieties for binding specific analytes, such that the physical location of each 
species of analytes is known or ascertainable. "Pixel" are spots of an array, which 
spots are illuminated and the resultant light from the spots is detected as discrete 
elements to form an image pattern when the array is being analyzed. An "analyte" is a 
molecule whose detection in a sample is desired and which selectively or specifically 
binds to a binder chemical moiety, such as a molecular probe. An analyte can be the 
same or a different type of molecule as the molecular probe to which it binds. 

Detailed Description Text (4 ) : 

FIG. 1 shows a schematic representation of an apparatus for analyzing chemical arrays 
according to the present invention. The apparatus 100 contains a light source (e.g., 
laser) 102 for emitting a light of a wavelength and with sufficient intensity to cause 
fluorescence in a selected fluorescent material. Often, the excitation light intensity 
is sufficiently high such that the dye used in the chemical array 104 approaches 
metastable state saturation, i.e., some of the dye molecules cross into metastable 
states. A controller 108 directs the light from the light source 102 to impinge on the 
elements of the array one pixel at a time. This can be accomplished, for example, by 
using a controller to change the relative position of the light source 102 to the 
chemical array 104, e.g., by moving the light generator (e.g., a laser) in the light 
source, moving the chemical array, or steering a light beam, e.g., by using a scanner, 
such that different pixels can be illuminated at different time. Typically, the light 
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beam is directed by translation of the array on an object table (not shown in FIG. 1) 
or scanning the light beam with a beam scanner. The dye, when excited by the 
excitation light from the light source 102 , emits fluorescence, which is detected by a 
detector 110. The fluorescence intensity can also be measured. 

Detailed Description Text (5) : 

FIG. 2 shows in further detail an embodiment of the apparatus of FIG. 1. The apparatus 
200 has a laser 204, which emits an excitation laser beam. A scanner 208 directs the 
laser beam through an optics system 212 to a chemical array 216 to cause fluorescence . 
The optics system 212 can contain, for example, collimating optics such as lenses and 
prisms to focus the laser light on the pixels in the chemical array . 

Detailed Description Text (6) : 

Fluorescent light resulting from the array being irradiated by the laser light is 
collected by an optics system 220, which can contain, for example, lenses and prisms 
to direct the fluorescent light to a detector 224. The optics systems 220 can also 
contain filters and apertures to filter out unwanted light such as excitation light. A 
controller 228 is electrically connected to the detector 224 for collecting electrical 
signals generated in the detector as a result of fluorescent light impinging on the 
detector. The controller 228 is connected to the scanner 208 such that each 
fluorescent light signal received by the detector 224 can be traced to the pixel from 
which the fluorescent light signal is generated. The controller 22 8 is further 
connected to the laser 2 04 and may be used to control the laser to emit light pulses 
of a specific duration. The scanner 208 is used to move the laser beam from a pixel to 
another between pulses. However, if desired, the laser can emit a continuous beam as 
the scanner directs the laser beam from pixel to pixel. Alternatively, instead of 
scanning, i.e., moving, the excitation beam, the chemical array 216 can be controlled 
to translate to position different pixels under the focused excitation beam at 
different times. Another alternative is to control to physically move the laser 204 to 
direct the laser beam at different pixels. 

Detailed Description Text (7) : 

The data of signals received by the controller 228 can be processed to determine the 
presence or quantity of analytes in the pixels. To achieve this, the controller 22 8 
can contain a microprocessor or a computer to process the information on pixel 
locations and fluorescence . The signals from the detector 224 or the information from 
the controller 228 can further be transmitted to another processor 232 for further 
data processing and to a storage device 236, such as disk, tapes, compact disk, and 
the like. The information from the controller 228 or processor 232 can also be 
displayed in a display device 24 0 such as a cathode ray tube, plotter, printer, and 
the like. If desired, different computers and microprocessors can be used to control 
the light beam/pixel relative position and for linking the data of pixel position and 
fluorescence pattern. 

Detailed Description Text (8) : 
Method of Reading Array 

Detailed Description Text (9) : 

FIG. 3 shows the technique for analyzing, i.e., reading, or scanning (i.e., read) 
pixels in a chemical array according to the present invention. Typically the array 
includes array elements, which when read by irradiation and detection of fluorescence, 
result in pixels that are arranged in rows and columns, each of which may be 
considered a line. For illustration, we call a row a line. A set of pixels are 
selected from the array (step 304) . The first pixel in the set is irradiated with a 
laser beam for a specific duration, e.g. a few microseconds and the resultant 
fluorescence is detected or measured (step 3 06) . The other pixels in the set are 
similarly treated, i.e., irradiated and the resultant fluorescence (step 310) detected 
sequentially one pixel at a time. After the last pixel in the set has been read once 
by irradiation and detection the pixels are read again one or more times (steps 314 
and 318) in a manner similar to the first reading. Other sets of pixels in the array 
are selected and read as done with the first set until all the pixels have been read 
(step 322) . Generally, this means all the array elements have been read. 

Detailed Description Text (12) : 

In a laser induced fluorescence scanner with small spot size (e.g., about 3 .mu.m FWHM 
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Gaussian beam), the laser light excites the fluorophore (i.e., dye) molecules and 
cause fluorescence . The fluorescence is detected to indicate the presence of the 
fluorophore molecules, and therefore the presence of analytes that are attached to 
fluorophore molecules. FIG. 4 is a schematic representation showing the energy level 
transition when a dye is excited. When a dye molecule absorbs laser light (arrow E) , 
it is excited from the ground state energy level G, to the energy level H. From energy 
level H the dye molecule falls back to the ground state (arrow F) , releasing light as 
fluorescence . 

Detailed Description Text (13) : 

To produce better signals, fairly high intensity laser is used, since to a degree 
higher intensity excitation light (i.e., light from the laser) produces more 
fluorescence photons. Because of the intensity of the laser light impinging on the 
dye, the dye molecules may, depending on the nature of the particular dye, cross 
(e.g., from the exited energy level H) into metastable state(s) (or 

long-lif e-quasi-stable-state (s) ) , such as the triplet state. As used herein, the term 
"metastable state, " or "long-lif e-quasistable-state" of a dye molecule refers to an 
energy state in which the dye molecule has higher than the ground state energy level 
but loses its energy, converting to the dye ground state, an order of magnitude or 
more slower than the singlet state fluorescence . Depending on the particular dye, many 
different metastable states are possible. An important example of a metastable state 
is the triplet state. Other metastable states include the biradical state, and the 
ion-pair state. Although many metastable states may be possible, for the sake of 
clarity, in FIG. 4, the metastable states are shown as M, to which transition from 
energy level H is represented by arrow L. At their metastable states, the dye 
molecules convert back to the ground state much more slowly than in the singlet state 
fluorescence, which is shown by arrow F. From the metastable states, the fluorescent 
material (i.e., dye molecules) does not release light of a wavelength same as that of 
the fluorescence of arrow F. Therefore, any dye molecule that crosses to the 
metastable state is lost to fluorescence . Since a dye molecule at a metastable state 
cannot fluoresce, this phenomenon appears as saturation of the fluorescence signal. In 
this situation, increasing laser power, i.e., the intensity of illumination on an 
array element, will not increase the number of detected fluorescence photons 
proportionally . 

Detailed Description Text (14) : 

For systems limited by photon shot noise in their performance, when saturation is 
occurring, the signal-to-noise ratio can only be increased marginally, if at all, by 
scanning more slowly or with higher illumination power. In the present invention, we 
scan a set (or a number) of pixels in the chemical array two ore more times to 
increase the signal-to-noise ratio. Furthermore, we wait for a period of time for the 
molecules in the dye in a pixel to recover sufficiently, preferably substantially, 
from their metastable states before re-irradiating the pixel. To this end, a set, 
i.e., a number, of pixels are irradiated sequentially, each for short duration (e.g., 
a few microseconds) such that by the time the last pixel in the set is irradiated, the 
first pixel has recovered from the metastable state. 

Detailed Description Text (15) : 

The time period (herein referred to as the "rest period") to be selected for the dye 
in a pixel to recover from the metastable states before re- irradiating depends on the 
nature of the dye. Many commonly used dyes have recovery time constants of metastable 
states in the range of about 10. sup. -5 sec to 10. sup. -1 sec. For this reason, a rest 
period of about 10. sup. -5 sec to 10. sup. -1 sec would be adequate for the dye in a 
pixel to substantially recover from its metastable states. In contrast, the 
fluorescence time constant is in the range of nanoseconds. Generally, the rest period 
of a few of the commonly used dyes are known in the art. The rest period of a dye can 
also be determined by a method as described below. The number of pixels to be included 
in a set depends on the illumination time for a pixel and the recovery time (or rest 
period) of the dye. Generally, 100 or more of pixels, preferably more than about 1000 
pixels, are included in a set of pixels to be read sequentially before re -irradiation. 

Detailed Description Text (16) : 

To determine the rest period of a dye, the following technique can be used. The dye of 
interest is subjected to light from an irradiation source, which is turned on rapidly 
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relative to the dye rest period while the temporal evolution (i.e., the time 
dependence of the fluorescent intensity) of the fluorescent intensity is monitored. 
The fluorescent intensity is the highest initially but it decreases to a lower level 
over time. The time to reach the lower intensity level is closely related to the dye 
rest period. Decrease in the fluorescent intensity reflects the level of saturation. 
Data obtained can be fitted to a mathematical model to obtain time constants of the 
change in intensity. Methods of modeling to obtain time constants are known in the 
art. Generally, the dye is considered to have sufficiently recovered from the 
metastable states after about one time constant. It is considered to have 
substantially recovered from the metastable states after about 2 time constants. 

Detailed Description Text (18) : 

A variety of suitable light-emitting devices can be used as the light generator in the 
light source. Such light -emitting devices are known in the art. They include, for 
example, light emitting diode (LED) and lasers, such as diode lasers, gas lasers, 
e.g., HE-NE laser, Ar ion laser, frequency doubled Neodynium-glass laser, nedium YAG 
laser, fiber laser, or other solid-state lasers. The pixels in the array can be 
arranged in a flat pattern. An alternative is arranging the pixels in a circular 
pattern as on a cylindrical surface. Generally, the pixels are held in a pattern of 
rows and columns. Since we know the origin of each pixel, we know the binder chemical 
moieties in the pixel. If fluorescence is detected for the pixel, we will know the 
identity of the analyte bound to that pixel . 

Detailed Description Text (19) : 
Array Light Detection 

Detailed Description Text (20) : 

A detector is used for detecting the light resulting from fluorescence in the array . 
For example, a single element optical detector, e.g., a PNT photomultiplier tube, may 
be used. Since the time of a light beam being directed at any particular pixel is 
known and the illumination of different pixels are temporally spaced apart, the 
corresponding fluorescence detected will indicate the presence of fluorescent material 
in the pixel. An alternative detector is an array detector in which more than one 
detector element is used to over-sample the target chemicals, permitting the 
discrimination against non-uniformities. One example of an array detector is a 
solid-state semi-conductor device, such as a charge -coupled device (CCD) array . 

Detailed Description Text (21) : 

The excitation light from a light source impinges on the fluorescent material bound to 
the analyte in the array and causes it to emit light as fluorescent light. Only pixels 
with a fluorescent material will emit fluorescence signal. The detected fluorescent 
signals are identified with electronic excitation for light sources and processed, 
preferably by an electronic processing unit, such as a microprocessor or a computer. 

Detailed Description Text (22) : 

As previously stated, by analyzing the pattern of the fluorescence light in the array, 
the identity of the analytes in the sample can be determined. Detecting fluorescence 
with a suitable detector will result in the pattern of fluorescence, in which certain 
locations in the pattern show fluorescence and certain locations do not. The identity 
of an analyte on a particular pixel in the array can be determined by detecting the 
location of the fluorescence in the pattern and linking this location with data 
concerning the identity of binder chemical moieties and pixel positions in the array . 
There are various methods for linking such data with the chemical array . For example, 
the data can be physically encoded on the array ' s housing or stored separately in a 
computer. 

Detailed Description Text (23) : 

The present technique of irradiation and detection has a great advantage over 
techniques that require re -irradiation after reading each pixel or re-irradiate only 
after the whole array has been read. If the re-irradiation of a pixel is done 
immediately after the pixel has been irradiated, the dye molecules in the pixel may 
not have enough time to recover sufficiently from the metastable states and 
fluorescence is less than optimal due to the presence of metastable states, which do 
not fluoresce. However, if re-irradiation is done only after the whole array or a 
large section, such as half, of the array has been irradiated, the actuating or beam 
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steering mechanism would have to move a substantial distance and wait a long time 
before going back to the first array . This is particularly true for large arrays 
(e.g., those having more than a thousand, or even having thousands of pixels in a row 
or column) with small and closely adjacent pixel dimensions of today. For example, the 
dimension of a pixel can be as small as 3 .mu.m across. In traversing a substantial 
distance and waiting a long time, the original pixels positions may not be 
reestablished (i.e., superpositioned) easily. For example, the temperature may have 
changed, thereby causing the array to change in size. For example, thermal expansion 
can occur if the array has been stored in below room temperature before reading in 
room temperature. In the present invention, adequate time is taken for the dye in a 
pixel to recover from the metastable states, but not so much time that it increases 
substantially the difficulty in superpositioning the laser beam at the original 
locations. The result of rescans (i.e., re-readings) can be added or averaged on line 
to reduce the amount of data to be stored. 

Detailed Description Text (24) : 

As previously stated, the control of the actuating or beam-steering mechanism, e.g., 
the scanner for moving the laser beam, the actuating system for moving the array, or 
the actuator that moves the laser, can be done by a computer. Generally, a computer 
program, or software can be implemented to accomplish such control, as well as the 
detection and measurement of the fluorescence . The control of actuators, scanners, 
etc., are well known in art. 

Detailed Description Text (25) : 

In the analysis of data, the fluorescence intensity of each reading of a pixel is 
stored in the memory of a computer (which can also be a microprocessor) . After each 
re- irradiation and re -detection, the memory is updated by summing the old and new 
fluorescence data for each pixel. In the absence of bleaching of the dye, the signals 
increase proportionally to the number n of the repeated readings and the 
signal-to-noise ratio scales as the square root of n. 

Detailed Description Text (26) : 

For illustration purposes, the following example is given. However, one skilled in the 
art will be able to adapt the disclosed example for other applications. A UNIPHASE 
(San Jose, Calif.), model 2211-20SLE laser operating at an output power of 10 mW, 
wavelength of 488 nm, and a focal spot of 3 .mu.m full -width- half -maximum (FWHM) was 
used to scan a chemical array having 5000 pixels in a row. The irradiation duration 
was at least 5 .mu.sec for each pixel, for example, 6 .mu.sec. A fluorescein, which 
has a fluorescence lifetime in the order of nanoseconds, was the dye for labeling the 
analytes. The time needed for recovery from the metastable states of the fluorescein 
was in the order of milliseconds. By scanning one line, i.e., 5000 pixels, before 
re-irradiation, the line time, i.e., time needed to finish a line before repeating, is 
at least about 3 0 msec, which is ample for the fluorescein to recover from its 
metastable states . 

Other Reference Publication (1) : 

Wells et al., "Quantitative Fluorescence Imaging with Laser Scanning", 1989, pp. 
27-39, Chap. 3, Handbook of Biological Confocal Microscopy. 

CLAIMS : 

1. A method for analyzing a chemical array having a plurality of array elements some 
of which are suspected to contain fluorescent material, comprising: 

(a) selecting a first number of pixels and irradiating the first number of pixels 
sequentially in the array elements and detecting the fluorescence resulting from the 
irradiation in the pixels, the first number of pixels being more than one pixel and 
less than the total number of pixels in the array and being selected such that a 
period elapses adequate for the fluorescent material in a pixel to recover from a 
metastable state before the pixel is irradiated again; and 

(b) repeating the irradiation and detecting on the first number of pixels one or more 
times before irradiating pixels of a second number of pixels that are different from 
the pixels of the first number of pixels in the array . 
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8. A method for analyzing a chemical array having a plurality of array elements by 
scanning the elements in lines of pixels some of which is suspected to contain 
fluorescent material, comprising: 

(a) irradiating a line of pixels with a laser beam sequentially in the array and 
detecting the fluorescence resulting from the irradiation in the pixels, the line of 
pixels having more than 100 pixels and less than the total number of pixels in the 
array, the number of pixels in a line being sufficiently large such that a period 
would elapse adequate for the fluorescent material in the pixel first irradiated to 
recover from a metastable state before the whole line has been irradiated; 

(b) repeating the irradiation and detecting on the first line of pixels one or more 
times before irradiating pixels of a second line of pixels, such that 10. sup. -5 second 
to 10. sup. -1 second has elapsed before a pixel is re-irradiated; and 

(c) doing steps (a) and (b) for all of the array elements until all the array elements 
have been irradiated without re -irradiating any line of pixels after another line has 
been irradiated subsequent to the irradiation of that any line without irradiating a 
different line of pixels between the initial irradiation and a repeated irradiation of 
a line for substantially all the lines. 
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TI Interactions between multiple rhythm generators produce complex patterns 

of oscillation in the developing rat spinal cord. 
AU Demir Rezan; Gao Bao-Xi; Jackson Meyer B; Ziskind-Conhaim Lea 
CS Department of Physiology, Center for Neuroscience , University of Wisconsin 

Medical School, 1300 University Ave., Madison, WI 53706, USA. 
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AB Neural networks capable of generating coordinated rhythmic activity form 
at early stages of development in the spinal cord. In this study, 
voltage -imaging techniques were used to examine the spatiotemporal pattern 
of rhythmic activity in transverse slices of lumbar spinal cord from 
embryonic and neonatal rats. Real-time images were recorded in slices 
stained with the voltage-sensitive fluorescent dye RH414 using a 
464-element photodiode array. Fluorescence 

signals showed spontaneous voltage oscillations with a frequency 
of 3 Hz. Simultaneous recordings of fluorescence and extracellular field 
potential demonstrated that the two signals oscillated with the same 
frequency and had a distinct phase relationship, indicating that the 
fluorescence changes represented changes in transmembrane potentials. The 



oscillations were reversibly blocked by cobalt (1 mM) , indicating a 
dependence on Ca(2+) influx through voltage-gated Ca(2+) channels. 
Extracellular field potentials revealed oscillations with the same 
frequency in both stained and unstained slices. Oscillations were apparent 
throughout a slice, although their amplitudes varied in different regions. 
The largest amplitude oscillations were produced in the lateral regions. 
To examine the spatial organization of rhythm-generating networks, slices 
were cut into halves and quarters. Each fragment continued to oscillate 
with the same frequency as intact slices but with smaller amplitudes. This 
finding suggested that rhythm- generating networks were widely distributed 
and did not depend on long-range projections. In slices from neonatal 
rats, the oscillations exhibited a complex spatiotemporal pattern, with 
depolarizations alternating between mirror locations in the right and left 
sides of the cord. Furthermore, within each side depolarizations 
alternated between the lateral and medial regions. This medial -lateral 
pattern was preserved in hemisected slices, indicating that pathways 
intrinsic to each side coordinated this activity. A different pattern of 
oscillation was observed in slices from embryos with synchronous 3 -Hz 
oscillations occurring in limited regions. Our study demonstrated that 
rhythm generators were distributed throughout transverse sections of the 
lumbar spinal cord and exhibited a complex spatiotemporal pattern of 
coordinated rhythmic activity. 
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TI Continuous fluorescence detection thermal cycling for DNA analysis using 

an array of LED light sources 
AU Goldman, Jeffrey A.; Sullivan, Daniel E.; Kordunskiy, Igor 
CS MJ Research, Inc., Waltham, MA, 02451, USA 

SO Proceedings of SPIE-The International Society for Optical Engineering 

(2002), 4626 (Biomedical Nano technology Architectures and Applications), 
252-258 

CODEN: PSISDG; ISSN: 0277-786X 
PB SPIE-The International Society for Optical Engineering 
DT Journal 
LA English 

AB Numerous com. instruments exist for assaying fluorescence 
signals from an array of samples during thermal cycling 

and thermal denaturation profiling; however these instruments tend to be 
complex, expensive, and/or require custom reaction vessels. We have 
developed a system that incorporates a novel fluorescence excitation 
scheme in which an independently addressable array of light sources is 
imaged into the wells of a std. 96-well plate in a sequential fashion and 
the resultant fluorescent excitation is read by a photomultiplier tube 
(PMT) . By individually illuminating each sample, we have eliminated the 
need for sophisticated detection and image anal, techniques used to 
discriminate signals form different samples. Addnl . , independent control 
of each light source allows the system to automatically balance the light 
incident on each vessel to provide a flat response across the array, thus 
avoiding any post -measurement normalization that would reduce dynamic 
range. The resulting instrument has high sensitivity due to the PMT, but 
low sample crosstalk due to the sample illumination control granted by the 
LED array. Application data is shown including single copy DNA 
amplification and detection as well as product thermal denaturation anal. 
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TI Device and method for storing information 

IN Bertling, Wolf 
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SO PCT Int. Appl., 31 pp. 
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DT Patent 
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PI WO 2000077248 Al 20001221 WO 1999-DE1738 19990615 
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EP 1185709 Al 20020313 EP 1999-939320 19990615 

R: AT, BE, CH, FR, GB, LI, IE 
PRAI WO 1999-DE1738 W 19990615 

AB The invention relates to a device for storing and processing information, 
esp. binary coded information. Said device comprises a sequence having a 
first fluorophore mol . and a second fluorophore mol . or reactive group 
interacting with said first mol. in the area of a secondary structure. 
The first end of said sequence is bound to a solid phase and the second 
end thereof is bound to a magnetic or charge -bearing means. The effect of 
an external magnetic or elec. field eliminates or modifies the secondary 
structure in such a way that interaction can be eliminated and a 
fluorescence reaction is produced or canceled. 
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TI cDNA cloning and expression of a C-terminus motor kinesin-like protein 

KLP-17, involved in chromosomal movement in Caenorhabditis elegans. 
AU Ali M Y; Siddiqui S S 

CS Laboratory of Molecular Biology, Department of Ecological Engineering, 
Toyohashi University of Technology, Tempaku-cho, Toyohashi, 441-85 80, 
Japan . 

SO BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS, (2000 Jan 19) 267 (2) 
643-50. 
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Entered Medline: 20000223 

AB Members of the kinesin protein family transport intracellular cargo to 

their correct cellular destination. Previously we have characterized the 
kip- 3 gene from Caenorhabditis elegans, which encodes an ortholog of the 
retrograde C-terminus kinesin motors, such as Drosophila NCD, and yeast 
KAR3 , involved in the chromosomal movement . Here we report the cloning of 
a full-length klp-17 cDNA in C. elegans, encoding a C-terminus kinesin of 
605 amino residues. KLP-17 sequence defines a novel phylogenetic group, 
distinct from the NCD/KAR3 family. Interestingly, the klp-17 gene 
transcript is restricted to the nuclear compartment, as deduced by the RNA 
in situ hybridization in embryos. The klp-17 :: gfp -expressing transgenic 
animals do not display any GFP fluorescence signal, 
but expression of the extra chromosomal arrays cause production 
of abnormal males, and embryos with morphological defects and lethality in 
the progeny. Similarly, the klp-17 RNA interference assay results in 
embryonic death, arrested embryos, and polyploid cells. Thus, KLP-17 
represents a new motor protein that mediates chromosome movement, 
essential for cell divisions during metazoan development. 
Copyright 2000 Academic Press. 
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TI A liquid crystal pixel array for signal discrimination in array 
biosensors . 

AU Lundgren J S; Watkins A N; Racz D; Ligler F S 

CS Naval Research Laboratory, Center for Biomolecular Science and 

Engineering, Washington, DC 20375-5348, USA. 
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AB A new optical design uses a liquid crystal pixel array (LCPA) to 
discriminate multiple fluorescence signals on a 
two-dimensional biosensor array. The LCPA can selectively 
control the transmission of fluorescence generated from multiple 
biosensing elements on a planar waveguide. This device sequentially 
acquires the fluorescence data from the substrate by making multiple 
individual measurements of the sensing elements on the waveguide. The 
biosensing elements are patterned according to the pixel layout of the 
LCPA and optically aligned so that each electronically driven pixel can 
either transmit or filter out the fluorescence signal as specified by the 
user. The primary advantage of this system is that a single detection 
channel (i.e. photomultiplier tube (PMT) ) can be used to measure multiple 
fluorescence signals from a two-dimensional substrate while the LCPA 
provides for spatial resolution. We evaluate the performance of the LCPA 
by testing the optical homogeneity of the liquid crystal pixels and linear 
dynamic range for transmitting light. The LCPA is also used with 
well-developed biosensing chemistry modified for this optical format. 
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TI Combinatorial electrochemistry: a highly parallel, optical screening 

method for discovery of better electrocatalysts 
AU Reddington, Erik; Sapienza, Anthony; Gurau, Bogdan; Viswanathan, 

Rameshkrishnan; Sarangapani, S.; Smotkin, Eugene S.; Mallouk, Thomas E. 
CS Dep. Chem. , Pennsylvania State Univ., University Park, PA, 16802, USA 
SO Science (Washington, D. C.) (1998), 280(5370), 1735-1737 
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PB American Association for the Advancement of Science 
DT Journal 
LA English 

AB Combinatorial screening of electrochem. catalysts by current -voltage 

methods can be unwieldy for large sample sizes. By converting the ions 
generated in an electrochem. half -cell reaction to a fluorescence 
signal, the most active compns . in a large electrode array 

were identified. A fluorescent acid-base indicator was used to image high 
concns. of hydrogen ions, which were generated in the electrooxidn . of 
methanol. A 645 -member electrode array contg. five elements (platinum, 
ruthenium, osmium, iridium, and rhodium) , 80 binary, 2 80 ternary, and 2 80 
quaternary combinations was screened to identify the most active regions 
of phase space. Subsequent zoom screens pinpointed several very active 
compns . , some in ternary and quaternary regions that were bounded by 
rather inactive binaries. The best catalyst, 

platinum (44) /ruthenium (41) /osmium (10) /iridium (5) (nos. in parentheses are 
at. percent), was significantly more active than 

platinum(50) /ruthenium (50 ) in a direct methanol fuel cell operating at 
60. degree., even though the latter catalyst had about twice the surface of 
the former . 
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TI In vivo cancer diagnosis of the esophagus using differential normalized 

fluorescence (DNF) indices. 
AU Vo-Dinh T; Panjehpour M; Overholt B F; Farris C; Buckley F P 3rd; Sneed R 
CS Oak Ridge National Laboratory, Tennessee 37831, USA. 
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AB BACKGROUND AND OBJECTIVE: We report the use of new diagnostic parameters 
based on the differential normalized fluorescence (DNF) signals for 
malignant tumor diagnosis. STUDY DESIGN/ MATERIALS AND METHODS: Over 200 
measurements of endogenous fluorescence from normal and malignant 
esophageal tissues were performed during routine endoscopy in 48 patients. 
A pulsed nitrogen-pumped dye laser was used to provide in situ excitation 
at 410 nm. Direct collection of the fluorescence signal 
emitted by the tissue was achieved using an intensified photodiode 
array detector equipped with a fiberoptic probe. RESULTS: The 
fluorescence signals were normalized with respect to the 

total fluorescence signal area. The cancer diagnosis indices were defined 
by the difference between the normalized fluorescence signal of a tumor 
and the mean value of a reference set of normal tissues. The results of 
the DNF approach were compared with endoscopic examinations and 
histopathology interpretations of the biopsy samples. Excellent 
correlation in the classification of normal and malignant tumors for the 
samples was found. CONCLUSION: The data indicated that the DNF approach 
has a significant potential to provide a direct, real-time, and in-situ 
technique for cancer diagnosis of the esophagus without requiring biopsy 
of the tumors and time-consuming histopathology tests. 
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